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I. Introduction

Since the discovery of the J/v in 1974 and its interpretation
as a hidden cc state a great deal of effort has gone into determining
the properties of charmm particles and their production and decay
characteristics. The motivations for studying chann production
characteristics in hadronic interactions are two-fold; firstly to
&taininfonnaticnm'theproductiﬁnmedzanisnamdtoseeifQG)can
explain it, and secondly to cbtain information on the structure of
the colliding hadrons themselves, for example does a hadraon contain a
long lived cc campanent. Such questions can be answered only if cne-
has relatively accurate determination of chamm production cross-sections
at various énergies and with different beams.

The charm quark being heavy, significant open charm production
starts anly at centre ‘'of mass a'xergies'& 15-20 Gev (Plab';' 150 GeV).
The maximm energy of the present fixed target machines being ~ 400 GeV
(/& ~ 27) nly a very small range of V5 is available for study of open
d:an;:productim at such machines. The CERN ISR has
provided results on ‘open charm at vs=60 GeV. At present, therefore,
one has results on cpa'l charm production at cniy twowell.sepa.rated
energy regions (/s=25 and 60 GeV). Thus, it is very important that an
experimental study of charm production characteristics be made at an
intermediate energy (e.g. V5 = 40-45 GeV) to prov:.de a sharper test
to the varicus models. With the-advent of the Tevatron fixed target
facility at Fermilab precisely such an energy will becare available



for such a study. We therefore propose to carry cut a determination
of the chamm production cross-section using 1 TeV proton-emilsion

interactions.

- BEmlsion experiments have played an m:portant role in recent
years in the understanding of hadron-nucleus collisions. The most
striking cbservaticn is that the produced hadrons interact only weakly
inside the mucleus. Because of the finite size of the nucleus, it
acts as a kind of detector with a high time resolution since the
characteristic time for the emission of hadrons is longer than the
w time through the nucleus. A variety of different models
have been proposed to understand the features of hadran-nucleus
collisians with the hope of ultimately sheddmg light ‘on hadran- hadron
interactions. An interesting new development is to understand hadron-
mucleus collisions on the basis of quark model and its colar-neutrali-
zation variant [1, 2]. However the situation is still not clear [3]
(see also Aliev et al.). 2An important reasn for this is that the
available experimental data extends enly to 400 GeV/c while predictions
of same of the models _différ only at much higher energies. It is
therefore important to extend the experimental data to higher energies.
We propose to study p—nucieus collisions at 1000 GeV using nuclear
emlsions.

2. Charm Production

As mentioned above charm production data exists at v/5v20-27 GeV



(fram SPS/FNAL experiments) and at /8 o 60 GeV ( fram ISR experiments).
Whereas the ISR results [4] indicate a total cham production cross-
secticn » 1 mb which includes inclusive A, cross-section of « 250 yb,
the situation at SPS/FNAL energies is still rather confused. BReam
durp experiments [5]assuming central D/D production as the main

source of prawpt leptons deduce charm production cross—-sections in
therange of 15-20 _pb/nucl@. n the other hand non-beam Gump experi—
ments [6] indicate inclusive A: cross-sections of a 70-100 pyb/nuclecn.
Recently the CTHS (CERN beam dump) group has reanalysed its data
ass\mng that prampt heutrinos are due to associated A: D producticn
{7]1. On this hypothesis they cbtain a value of 87:22 yb/ nuclemn”
for the inclusive )\: cross—sec_:tim; However, to fit the energy
d:stn.but.lm .of prmptneutnncs they used x dependences for A';

and D of the form (1—‘::])3 and (l-_lx[)s respectively which are not

in agreement with the x distributions determined at the ISR —

(-|x]) for o% and (i~|x])3 for D/B. 1t has recently been pointed
out [8] that this discrepancy in the x dependences-is due to wrang
decaYnod&cforA:éadD/ﬁbeingusedbyﬂlemISgrotxp (they had
used all three body modes % + ne®y, D Key /K'ev). Using more
:ealisticdecaymod&sitiss‘t:cwnthatauthebeamdmnpdatacan

be understoocd on the basis of simple quark counting rules{9] which
indicate that in proton fragmention the exponent n of the x-dependence
(3-]x|)™ has the value of 1 for A}, 3 for D associated with 1,

and 7 for associated D/D production. The charm prodﬁctim.cn‘oss-
sections cbtained under this hypothesis.range fram 30-50 pyb/nuclem.



In conclusion a reasonable estimate for inclusive A'c':’ cross—-section
in P-A interactions at SPS/FNAL energies is ~S0 yb/nuclean, and the
diargedbtcross—sectimsisalsoofthesaneorder..

2.1 Estimate of charm signal at 1 TeV

The value of oA} and oD* being ~ 50 ub/nutlecn each at /& %
27 GeV (SPS/ENAL)' and ~ 250 pb and & 500 ub respecti‘vely at /s &
60 GeV (ISR) an approximate estimate of OAL and D" at 5 ~ 40 Gev
(Tevatrmn) is ~ 150 pb/nuclecn and ~ 250 yb/nucleon respectively.
Based cn these estimates we now calculate the signal that we will

cbserve in cur experiment.

2.2 Scanning criteria for charged charm

A charged cham particle will decay into an odd number of charged
particle (1, 3, 5, ...). Since the 1 prong decays are difficult
to disentangle from quasi-elastic scattering, as in our earlier work (6]
‘we will be scaming for 3 3 préng decays Of shower tracks caming
f:mﬂxeprnnaxyp—nucleus interactions. The region around a primary
interaction may be divided into two parts: cne regicn correspanding
to a narrcw forward cone in wh:.ch the secmdariesl- are more collimated
and each can be followed upto a relatively large distance within the
sare emulsion pellicle; the other, outside this forward cone in which

 the inter-angular separation between secondaries is quite large and
since they make large angles with respect to the beam direction their
length within the pellicle is quite small. We propose to carry out
charm search in these two regions using different scamning criteria.



2.3

In the forward region, which we define by 6 g < 70 mrad
{for 1 TeV interactions the lab forward cone corresponds to

8prog < 44 mrad) , all the shower tracks will be folloved upto a
nmdmxnlengthqumortilltheydecaYorinteractorleavethe

emilsion pellicle.

In the region o 3:»7(erar3.a11ssl‘xcwne::1-_1:ac:kswillbe

-followed upto a maximum length of 500 yum.

One will note down any secandary activity associated w:Lth a

shower track (decay, interactions, etc.).

Selection Criteria

In the forward regicn the density of the shower tradcs near
ﬁépﬁn&aryvertexisso‘high that itisdiffimlttﬁdistinguish
ade@ayvertexclearly. In car 400 GeV work we had put a minimum -
length cut-off for accepting a seccndary activity at 100 um frcm
ﬂmepnmxyverta: Atl'Dveeproposetoputacut—offatZOOmn
since the average stmrmltlphmtymllbeMgheratﬂuse_ne.rgy.

In the outer region (epmds 70nm'ad)- we propose to put a minimm
length cut-off of 50 ym. This is to remove those ambiguocus secendary
events in which it cannct be distinguished whether the so-called
decay tracks are caming ‘frcm the secondary or the primary vertex.

Such an ambiguity arises when the decay angles are small and the
length available is not sufficient to use the grain. count. meﬂwd.



Using the above selection criteria and the values of ¢ A and
opt mentioned in Sec.2.l the number of all charged charm decays we
expect to see is 32 in a sample of 6000 stars which we plan to
scrutinize in about 1 year's time (see Appendix A for details). In
case the values of “A_ and o ;are lower than given in Sec.2.l, taking
op ~ 100 ub/nuclecn and opia 150 pb/nucleon, the total number of
charged charm events which we will see:.s ~20.

3. Background for charged charm
Processes which simulate a three prong vertex (all praongs being

shower tracks) willcaxstituteabackgrmmdtoachannparticleéecay
into three prongs (we neglect chamm decay :mto 5 prongs because the
branching ratio is very small). These processes are —

i) a secondary m*:eractlm with Nh=0, ns=3.

ii) y overlap on a shower track (owing to finite -
resolution a y mtenallzmg into an_e'e pair very
near a shower track will lock like a 3-prong event).

§ii) trident and pseudo-trident events due to electrons
can:ing fram Dalitz decays of x's produced in the
primary interactions and ° decays and subseguent

¥ materialization very close to the primary vertex.

As shown in our work at 400 GeV/c [6] the backgrounds due to
ii) and iii) can be eliminated making use of the fact that the.eop
{(maximm angle between decay tracks) distributions for these

processes are very different fram.that expected fram charm decay.



The procedure used is :

a) Since the ¢, distribution for y overlap and trident/

op
pseudo-trident production is very sharply peaked . at
zero, eliminate all candidates with 6op < 10 mrad.
C_hrrying out Monte Carlo calculations we find that even .
at 1 TeV, the percentage of charm events so ]o‘st is
£ 5% and can be corrected for,
b) carrying out scattering measurements on the decay
tracks of the remaining 3—pmng.evmts. The events due to
+ overlap, trident/pseudo-trident production will have
e:.therthe et or the e of mamentum X 150 MeV/c. ' Thus at- least cne
of the 'elect;c’rfS can be identified quite easily using

'Ihisleav&s’uswithmlyazgsoxxrceofbad(grmmd: due to
secondary interactions with N = 0, ng = 3. For 6000 primary inter—
actions we estimate this background to be ~ 8 events for our scanning
criteria (see Appendix B). |

Thus, even under the assumption of a conservative chamm pro-
duction cross—section, the 51gna1 to background ratio will be
2.5:1. For a more reasonable cross section for charm producﬁm
this ratio will be ~ 4:1 (see Sec.2.1.2).

. Time Schedule

We would like to engage 10 scanners for ocur Chamm Search Work.

Based on our earlier experience in 400 GeV/c cham work, we know that



. % 2.5 stars can be fully scrutinized by cne scanner in ane day (this

5.

includes scanning, checking of beam track, sketching and following

of the secondary tracks to the desired lengths). Having ten scanners
it will. ke possible to fully scrutinise 25 stars / day. Taking

20 working days a month, a total sample of 6000 stars can be scrutinized
in about cne year time. Measurements by physicists cn interesting.

events shall be done side by side.

Fermilab facilities requested

* The machining and alignment of the emilsion stack will have to
be done at the experiment site. The flux of the proton beam should be

: 2
reasonably uniform over an area of ~ 4 X 8 an . If it is possible we

would like to request that the stack may be processed at Fermilab

itself to prevent ccsmic ray bad:gramd'during air transit.



APPENDIX 1

Calculation for the expected number of chamm decays

In order to estimate the total number of charged cham decays

ot

c'andu.*)weinterpolatethecmsssectimsbetweenSPs/mAL

energies and ISR energies. As mentioned in Sect. 2.1. we expect

&A a 150 pb / nuclem and ubt o 250 pb / nucleon. 2ssuming a linear a
c

dependence of the charm cross-section, the number of Ny ... & 3 prong)

is given by
Nparm + 3 Prong)=0 g, X Bri+ 3 prong) X No.of stars X 3/,
whereUAis the inelastic cross-section n a nucleus of mass A.
For amls:.m <A = é9. and_.°A= 383 mb, thus if 9g,ary is in pb / nuclem,
: N@ (+ 3 prong) =04 X Br (+ 3 prong) X No.of stars X 7.572 X 10 °

With ) _ = 150 1b, Br (» 3 prong)= 0.6 and total mumber of stars
= 6000, cne ~gets Nfc (+ 3 prong) = 41.

With“nt = 250 yb and Br (» 3 prong) = 0.6 for the same nunber
of stars, ane expects Ny, (+ 3 prong) = 68.

Out of these 41 1, and 68 D chamm decays, the number that will
decay in ocur scanning region depends upon the dynamics invovied
in the production process of these particles and their life times.
Tt is shown at ISR energies that da/dpé « e PPT for both A:and
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D° with b =2 in both the cases. For x distribution at ISR energies,
ane £inds that @9/dx for D* is.«(l-x)> and that for A% is flat
&imilar to A% In ozder to calculate the ) and D* chamm decays
in our scanning region we use the best fit forxdistributimoff
at 200-400 GeV and that for D as (1 - |x|)3. Thus we take the in-
variant cross section far A: decaggs as

E &% = (I-[x)) [0.192+1057 @ (-2-648x7) e %Py

T
and that for D

, . 3 =%
E &%  «(1-]x|) e Pr

T

o -13
"Taking life time of AZ decays between 1.0 -2.0x 10 1

-13
as9.3 X 10 sec.theexpectednmberof[g and D* decays are given

sec and ‘of D*

in the table below both for the farward and backward regioms.

Table 1:.A* and D decays in forward region of

8<70 mrad
Ihjn ~ Lmax
' ‘ A‘; seen | D seen Total
followed (ym)
200 - 2000 10.5 14 . 24.5
200 - 3000 13.0 20 33.0
200 - 4000 14.0 : 24 . 38.0




Table 2 AT and D decays in the backward region of 8*70 mrad.

Loin = Lmax {um) A'é' seen. D seen. Total
50— 300 5.3 negligible 5.3
50 - 400 6.2 . 6.2
50 - 500 ' 7.0 7.0

As the secondary interaction background increases almosﬁ linearly
with increasing track length, the best signal to background ratio in
the farward region is cbtained for a maximum track length followed =
2000 ym. In the backward regicn since the track length followed is
very small, the total secondary interaction backgromd estimated is
< j-event (See appendix II). In summary we search in the forward
region (< 70 mrad) from 200 um - 2000 ym and expect 25 charged charm -
decays. The seécondary interaction backgromnd estimated is 7.2. In
ﬂlebadagardxeéiql we search from.50 ym - 500 ym and expect 7 A:;
decays ( D decays are negiigible) afxd 0.9 secondary interaction®s
background. In all one expects 32 charm decays and 8 secondary inter—
action's background. Taking, however, more conservative values for
#* and D* cross section's of 100 b and 150 ub respectively cne expects

c
a total of 20 cham decays in the same scanning regions.



APPENDIX II

Extrapolating fram the information available at 400 GeV and
“below ane expects a multiplicity of « 20 shower tracks in p-emalsion
interactions at 1000 GeV. Assuming that the major contribution to
the shower miltiplicity (piocn production) ccmes basically fram central
regicn, ane expects ~ 11.5 shower tracks in the forward region of

< 70 mrad and ~ 8.5 shower tracks in the outer cone.

The total track length followed in the forward region (where
mewﬂlbefollaﬁng'toanmdnmof_z.mandmﬂxanxi. cut of

200 um) for 6000 stars.
I, = (0.2 - 0.02) X 11.5 X 6000 am = 12420 cm.

- Taking 2 = 45 am
- “r—em
the total number of secondary interactions

- 12420
=

Y 3 = 276

meenergyofshmertra}dcsinthefoniardregimbf< 70 mrad
‘will be between 20-40 GeV.

The probability of having N, = 0, ns=3 stars at 17 GeV is
1.5% [10] and that at 45 GeV is 3.4% [11]. Taking the average of the
two values ane gets =~ 2.6%. |

Thus using this probability of 2.6% for Nn=0, ns=3 stars
me gets

26 x2.6 =7.2 N =0,n = 3 stars
. m ) S



In backward region of s 70 mrad the average energy of shower

tracks will be A 5-10 GeV.

ns=3, stars as 1.8%.

We will take the probability of Nh=0,

The track length followed in the backward region

IB = (.05 — 0.005) cm. X 8.5 X 6000 cu = 2295 cm
With Apenm = 45 om
total number of secondary interactions
= 2295 = 51 stars
45
No. of starswith!{h= e, ng = 3=51X1.8 = 0.9 stars
100

Thus total nurber of secondary interaction background with -Nh=0,

ng = 3 in 6000. stars

= 7.2 + 0.9 = 8 stars.



E B v o wu

References

N,N. Nikolev, A.Ta Ostapchuk and V.R. Zoller

CERN Preprint Th. 2561 (1978) |

F.K. Aliev et al., Ilett. Nuo. Cim. 23 (1978) 212.

A. Bialas, W. Czyz and W. Fummanski, Acta Phys. Pol. 82 (1977) 88.
A. Bialas, FERMIIAB Conf. 79/35 Thy (1979). —

S.J. Broadsky, SLAC-PUB-2395 (1979)

B. Andersson, I. Otterlund and E. Steulund
LINFDG/ (NFFK-7002) 1-8 (1979)
I. Otterlund, LINFD6 /(NFFK-7004) 1-43 (1979)

A. Zichichi, Rapporteur talk, Int. Conf. on High Energy Physics,
LISBN, July (1981), CERN-EP/82-20.
J. Irion et al., Phys. Iett. 998 (1980), 495.

BEBC {pllaboration, P. Fritze et al., Phys. Lett. 96B (1980) 435

CTHS Collaboration, quoted by D. Treille in Symp. on Lepton and
Photon interactions at High Energies, Bann, 2Aus (1981).

CHARM Collaboration, M. Jonker et al., Phys. Lett. 96B (1980) 435.
A. Bodek et al., Rochester University report, Co0—-3065-307 (1981).
R.C. Ball et al., Michigan University report UM-HE-81-48 (1981).

BCDJ Collaboration, T. Aziz et al., Nucl. Phys. B199 (1982) 424.
2BCOMR Collaboration, quoted by D. Trielle. (see 5).

CDHS (ollaboraticn, H. Abramowiez ét’al., Z. Phys. C. 13 (1982) 179.
T. Aziz and A. Gurtu, TIFR-BC-82-5.
R.T. Edwards et al. Phys. Rev. D18 (1978) 76.

S.A. Azimov et al. Sov. J. Nucl. Phys. 2 (1966) 747.

'E.V. Anzen et al. Phys. Iett. 31B (1970) 241.



